This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



BL^APEST Tl^ATV ON THE INTERNATIu^sAL 
P>£COGNITiOK OF THE DEPOSIT OF MICRORGANISMS 
FORTPE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORiM 



TO 

Institute for Drug Research Ltd. 
Budapest, P.O.BOX 82 
Hungary 



RECEIPT IN THE.CASE OF .'\N OPUGINAL DEPOSIT 
issued pursuant to Ruie 7.1 by the 
INTERNATION.AL DEPOSITORY AUTHORITY 

identified at the bonom of this page 



NAiVCE .^ND ADDRESS 
OF DEPOSITOR 



I. IDENTIFICATION OF THE K-nCROORGANISiM 



Identification reference given by the 
Depositor: Micromon OS pora sp. 

roR-P3 



Accession number given by the 
INTERNATIONAL DEPOSITARY 
AUTHORITY: 

NCAIM (P) B 001268 



11. SCIENTIHC DESCRIPTION AND/OR PROPOSED TAXONGNQC DESIGNATION 



The microorgnnism identified under I. above was accompanied by: 
I I a scientific description 
I X I a proposed taxonomic designation 

(Mark with a cross where applicable) 



III. RECEIPT AND ACCEPT.ANCE 



Tills international Depositor}^ Authority accepts the microorganism identified under I above, 

which was received by it onOctober 13, 1998 (date of the original deposit)' 

IV. RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under I. above was received by this International 

Depositar\- Autliorirs' on (date of the original deposit) and 

a request to convert the original deposit to a deposit under the Budapest Treat\' 

was received by it on (date of receipt of request for con\ ersion) 

V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: National Collection of Agricultural 
and Industrial Microorganisms 



Address: Budapest Somloi 
1118 

HUNGARY 



Signaiiire(s) of person(s) having the 
power 

to represent the hiternatilonai Deposiiar>' 
Authorit\- orof autIu)rizedofriciaIts) 

ii ut 14-16. .y^-^ 

^i' ^/,f^ate:October 30, 1998 



( ) Where Rule 6.1 \d) applies.sucii daie is ihe dale on which ihe suicit^orjaiemationiil deposiian' authoriiv was acqiiircil. 
Fomi BP/4 (sole page) 



BUDAPEST TllEATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORM 



TO 

Institute for Drug Research Ltd. 
Budapest. P.O. BOX 82 

Hungary VLABILITV STATEMENT 

H-I325 issued pmsuant to Rule iO.2 bv the 

INTERNATIONAL DEPOSITARY AUTHORITY 
identifed on the foIIo\sing page 



NAiVIE Am .ADDRESS OF THE PARTY 
TO \raOM THE VL^ILITY STATEN1ENT 
IS ISSUED 



LDEPOSITOR 


n. IDENTIFICATION OF THE NOCROORGANISM 


NaiueilnstUute for Drug Research Ltd. 

Address : Budapest, P.O. Box 82 H-1325 
Hungary 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

NCAIIVI(P)B 001268 
Date of the deposit or of the transfer : 
October 13, 1998 


mVL^BILITY STATEMENT 




The viabilit>' of the microorganism identifed under n above was tested 

onOctober 20, 1998 On tliat date, the said microorganism was 


1 X 1 ^ viable 




1 " no longer viable 





Indicate the date of the original deposit or. where a new deposit or a transfer has been made, the most 
recent relevant date (date of the new deposit or date of the transfer). 



• la the cases refeixed to in Rule 10,2 (a) (ii) and (iii), refer to the most recent viabilit>- test. 
^ Mark with a cross the applicable box. 



Form BP/9 (fu*st page) 



\\\ CONDmONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED' 



i 
i 

i 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Naine: National Collection of Agricultural 
and lad us trial Microorganisms 



Address: Budapest Somloi lit 14-16. 
1118 

HUNGARY 



Signature(s) of person(s) having the power 
to represent the International Depositar\' 

Date October 30,1998 



4 V 
Fill in if the information has been requested and if tlie xf^\x£^^ test were negative 



Fomi BP/9 (second and last page) 



BUDAPEST TP^ATV ON « 
INTERMATIONAL FORM 



Institute for Drug Research Ltd. 
Budapest. P.O. BOX 82 
Hungary 
H-1325 



VIABILITY STATEMENT 
issued pui-suant to Rule 10.2 by the 

interiStional depositary authority 

ideniifed on the following page 



NAME ADDRESS OF THE PARTY 
TO nSdMTHE VIABILITY STATEMENT 
IS ISSUED 



LDEPOSITOR 



Name; 



:Institute for Drug Research Ltd. 



U. mPNTlFICATION OF THE NflCROORg^^ 



Address : Budapest, P.O. Box 82 H-1325 
Hungary 



Accession number given b>' *f . .,_„nR,-r-Y- 
INTERNATIONAL DEPOSITARY AUTHORITY . 

NCAIM(P)B 001272 
Date of the deposit or of the transfer : 
April 12, 1999 




I.VLABE.rrY STATEMENT 



I The viability- of tlie microorganism identifed under U above was ^ste^^^ ^^^^^ ^^.^ nucroorganism was 



on April 19, 1999 

j X I ' viable 

j 'I ' no longer viable 



, . nr Where a new deposit or a transfer has been made, the most 

' Mark with a cross Uie applicable box. 



Form BP.'9 (first page) 



. CONDITIONS LTNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED"* 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: National Collection of Agricultural 
and Industrial Microorganisms 



Signature(s) of person(s) having the power 
to represent the International Depositary 
Authoritv* or of authorized official(s) 



Address: Budapest Sooiloi lit 14-16. 
1118 

HUNGARY 



^ Aumoricv or or auinonzea oiricn 

-f. Date:June 16, 1999 \ 



^ Fill in if the information has been requested and if die'^^ts't^D^^^fwere negative 



Form 3P/9 (second and last page) 



BUI 'EST Tl^ATV ON TI-iE INTEllNATlOi X 
RECOGNITION OF THE DEPOSIT OF MICRORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORiVI 



TO RECEIPT IN THE CASE OF ORIGIN.AL DEPOSIT 

Institute for Drug Research Ltd. issued pursuant to Rule 7.1 bv the 

Budapest, P.O.BOX 82 INTERNATIONAL DEPOSITORY AUTHORITY 
Hungary 

H-1325 identified at tlie bottom of this page 



NAiVDE AND .^DRESS 
OF DEPOSITOR 



I. IDENTIFICATION OF THE iVUCROORGAMSM 



Identification reference given by the. Accession number given by the 

DepositoriMicromoaospora echinospora ssp. echinospora INTERNATIONAL DEPOSITARY 
IDR.P5 AUTHORITY: 

NCAIM(P) B 001272 

n. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMC DESIGNATION 



The microorgnnism identified under 1. above was accompanied by: 
I I a scientific description 
I X I a proposed taxonomic designation 

(Mark with a cross where applicable) 



m. RECEIPT AND ACCEPTANCE 



Tliis International Depository Authority' accepts the microorganism identified under I above, 

which was received by it on April 12. 1999 (date of the original deposit)* 



IV. RECEPT OF REQUEST FOR CONVERSION 



The microorganism identified under I. above was received by tliis International 

Depositaiy^ Authorit\' on (date of the original deposit) and 

a request to conven the original deposit to a deposit under die Budapest Treat>' 

was received by it on (date of receipt of request for conversion) 

V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: National Collectiou of Agricultural Signature(s) of person(s) having the 

and Industrial Microorganisms power 

to represent the Intematilonal Depositary' 
.^thorit}' or ofMj^^^ed ofricial(s) 

Address: Budapest Somloi ut 14-16. y^L..^^--^ 

HUNGARY 



( )' UHiere Rule 6.\{d) applies.such date is the date on which the status of imemationnl depositan* auihoritv was aci 
Fonn BP/4 (sole page) ' " ' 5j 



B a PEST TREATY ON TME INTERN'ATIC. .. .L 
RECOGNITION OF THE DEPOSIT OF MICRORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL F0R1V4 



TO 

Institute for Drug Research 
Budapest, P.O.BOX 82 
Hungary 
H-1325 ' 



Ltd. 



RECEIPT IN THE CASE OF AN ORIGIN.AL DEPOSIT 
issued pursuant to Rule 7.1 bv the 
INTERNATION.'U- DEPOSITORY AUTHORITY 

identified at die bottom of tliis page 



NAME AND ADDRESS 
OF DEPOSITOR 



I. IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the Accession number given by the 

DepositorrMicromonospora megalomicea ssp. uigra INTERNATIONAL DEPOSITARY 

IDR-P6 AUTHORITY: 

NCAIM(P) B 001273 



11. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONO^^C DESIGNATION 



The microorgnnism identified under I. above was accompanied by: 
I I a scientific description 
I X I a proposed taxonomic designation 

(Mark widi a cross where applicable) 



in. RECEIPT ANTD ACCEPTANCE 



Tliis International Depository Authority accepts the microorganism identified under I above, 

vvliich was received by it on April 12. 1999 (date of the original deposit)' 



IV. RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under I. above was received by this International 

Depositar>- Authorit}' on (date of the original deposit) and 

a request to convert the original deposit to a deposit under tlie Budapest Treaty 

was received by it on (date of receipt of request for conversion) 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: National Collection of Agricultural Signature(s) of person(s) having the 

and Industrial Microorganisms power 

to represent tlie Ii>t^atilonal Depositary 
Authorit}' or of a<^J^o/i^^ official(s) 

Address: Budapest Somloi tit 14-16. ^ ^^^'^■iijj^e 

HUNGARY ^ 

' ^ : % 



( )• Wliere Ruie 6.1 (d) appiies.such date is the date on wUidi Uic status of imemaiionnl dcpositarv auUiorirv was acqui(2ig 
Form BP/4 (sole page) ' ' Sj 



BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF TliE DEPOSIT OF N-UCROOFvCANlSiMS 
FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 

TO 

Institute for Drug Research Ltd. 
Budapest. P.O. BOX 82 
Hungary 
H-1325 ' 



NM'IE AND ADDRESS OF THE P.ARTY 
TO WHOM THE VIABILITY STATEMENT 
IS ISSUED 



LDEPOSITOR 


II. IDENTIFICATION OF THE NflCROORGANISM 


Name: Institute for Drug Research Ltd. 

Address : Budapest, P.O. Box 82 H-1325 
Hungary 


Accession number given by die 
INTERNATIONAL DEPOSITARY AUTHORITY: 

NCAIM (P) B 001273 
Date of the deposit or of the transfer : 
April 12, 1999 


ULVbVBILITY STATEMENT 




The viabilit}' of the microorganism identifed under II above was tested 

on April 19, 1999 2 ^^^^ ^^^^^ ^^.^ microorganism was 


X ^ viable 




1 j no longer viable 





Indicate the date of the original deposit on where a new deposit or a transfer has been made, the most 
recent relevant date (date of the new deposit or date of the transfer). 



- In the cases referred to in Rule 10.2 (a) (ii) and (iii), refer to the most recent viabilit}- lest. 
' Mark with a cross the applicable box. 



VIABILITY STATEMENT 
issued pursuant to Rule 10.2 bv the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identifed on the following page 



Fomi BP/9 (first page) 




BUl .'EST TREATY ON THE INTEIINATIO. .. .L 
RIJCOGNITION or THE DEPOSIT OF MICRORGANISMS 
FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNATIONAL FORiVl 



TO 

Insiiiuie for Drui; Research Ltd. 
Budapest, P.O.BOXS2 
Hungary 
H-1325 



RECEIPT IN THE C.A.SE OF AN ORIGIN.AL DEPOSIT 
issued pursuant to Rule 7.1 bv the 
INTERNATIONAL DEPOSITORY AUTHORITY 

identified at die bottom of this page 



NAME Am ADDRESS 
OF DEPOSITOR 



L IDENTIFICATION OF THE iVOCRO ORGANISM 



Identification reference given by the 
DepositorriMicromouospora rosaria 
IDR-P7 



Accession number given by the 
INTERNATIONAL DEPOSITARY" 
AUTHORITY: 

NCAIM (P) B 001274 



II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED T.AXONOMIC DESIGNATION 



The microorgnnisni identified under 1. above was accompanied by: 
I I a scientific description 
I X I a proposed taxonomic designation 

(Mark with a cross where appHcabie) 



III. RECEIPT AND ACCEPTANCE 



Tliis International Depositor)- Authority accepts the microorganism identified under I above, 

wliich was received by it on April 12, 1999 (date of the original deposit)' 



IV. RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under I. above was received by this International 

Depositar}' Authorit}- on (date of the original deposit) and 

a request to convert the original deposit to a deposit under the Budapest Treat}' 

was received by it on (date of receipt of request for conversion) 



V. INTERNATIONAL DEPOSIT.ARY AUTHORITY 



Name: National Coliectiou of Agricultural 
aud Industrial iV'Iicroorganisms 



Address: Budapest Soinloi ut 14-16. 

ins 

HUNGARY 



Signatiu'e(s) of person(s) having the 
power 

to represent the liitematilonal Deposrt^r\' 



.Authorit}' or of authorized official^ 



Date:June 16^1999 





( ) Wliere Rule 6.1 (dl applies.sucli date is the date on whicli the status of imeniaiionnl deposiiaiy auiUorit>' was acquired^* 

Form BIV4 (sole pane) ' ^ '<^^ 



BUDAPEST TREATY ON THE INTER.NAT10NAL 
RECOGNITION OF THE DEPOSIT OF MCROOPvCANISMS 
FOR THE PUPvPOSES OF PATENT PROCEDURE 

INTERNATIONAL FOILM 



TO 

Institute for Drug Research Ltd. 
Budapest. P.O. BOX S2 

Hungary VIABILITY STATEMENT 

H-1325 issued pursuant to Rule 10.2 bv the 

INTERNATIONAL DEPOSIT.ARY AUTHORITY 
identifed on the following page 

NAfv'CE AND ADDRESS OF THE PARTY 
TO WHOM THE VIABILITY STATEMENT 
IS ISSUED 



I.DEPOSITOR 


n. IDENTIFICATION OF THE iVnCROORGAMSM 


Nauie:Iustitute for Drug Research Ltd. 

Address : Budapest, P.O. Box 82 H-1325 
Hungary 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY': 

NCAIM(P)B 001274 
Date of tlie deposit or of the transfer : 
April 12, 1999 


IILVLABILITY STATEMENT 




The viabiiit\' of the microorganism identifed under II above was tested 

on April 19, 1999 On that date, the said microorganism was 


^ viable 




1 j ^ no longer viable 





' hidicate the date of the original deposit or, where a new deposit or a transfer has been made, the most 
recent relevant date (date of the new deposit or date of the transfer). 



- hi the cases refen*ed to in Rule 10.2 (a) (ii) and (iii), refer to the most recent viabilit>* test. 
^ Mark with a cross die applicable box. 



Form BP/9 (first page) 



CONDITIONS UNDER WHICH TJiE VUBILITY TEST H\S BEEN PERFORMED' 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: National Collection of Agricultural 
and Industrial Microorganisms 



Addiess: Budapest Somldi lit 14-16. 
1118 

HUNGARY 



Signature(s) of person(s) having tlie power 
to represent the International Depositar\' 
Authorit}' or of authorized official(s) 



Date:June 16, 1^9 




Fill in if the infonnation has been requested and if the results of the test were negative.*^ "^'C* 



Form BP/9 (second and last page) 



PCT/HUOO/00066 



PARENT COOPERATION TREA;^ 



i=rn», th.. INTERNATIONAL BUREAU 



PCT 

NOTIHCATION OF ELECTION 

(PCT Rule 61.2) 



To: 



Date of mailing (day/moirtWyear) 
04 April 2001 (04.04.01) 



International application Na 
PCT/HUOO/00066 

International Wing date (day/montWyear) 
29 June 2000 (29.06.00) 



Commissioner 

US Department of Commerce 
United States Patent and Trademark 
Office, PCT 

2011 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in Its capacity as elected Office 



v'; t 



Appiicanfs or agetifs fflo reference 

92598-12126 
Priority date (day/montWyear) 
12 July 1999 (12.07.99) 




Facsimile No.: (41-22) 740.14.35 
Form PCT/IB/331 (July 1992) 



HUOOOOC 



4' 



>ATENT COOPERATION T 

PCT 

INTERNATIONAL PRELIMINARY EXAMINA 

(PCT Article 36 and Rule 70) 



F^TY 

REC'D 
TtONJ 



1 1 JUN 2n51 
REPORT : 



Applicant's or agent's file reference 
92598-1 21 26-PT 


criQ CI iDTucD A/^-rini^i Notification of Transmittal of International 

POH FURTHER ACTION Preliminary Examination Report (Fonm PCT/IPEA/416) 


International application No. 
PCT/HUOO/00066 


International filing date (day/month/year) 
29/06/2000 


Priority date (day/month/year) 
12/07/1999 



International Patent Classification (IPC) or national classification and IPC 
C12P17/06 



Applicant 

GYOGYSZERKUTATO INTEZET KFT. et al. 

1. This international prelinfiinary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 4 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 

Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and Industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or Industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects In the international application 

Certain observations on the international application 



1 




II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 
15/12/2000 


Date of completion of this report 
07.06.2001 


Name and mailing address of the intemational 
preliminary examining authority: 

^ European Patent Office 
^) D-80298 Munich 

C^' Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer ^--r=^r--^ 

Gohike, P (( ^ l) 
Telephone No. +49 89 2399 8549 \2swo:«S^ 



Fomi PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELlI 
EXAMINATION REPORT 




lARY 



International application No. PCT/HUOO/00066 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

1 -23 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which Is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under Rule 

55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the Intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



Claims, No.: 



1-7 



as originally filed 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 1) (July 1998) 



INTERNATIONAL PRELlHilARY 
EXAMINATION REPORT 



International application No. PCT/HUOO/00066 



(Any replacement sheet containing sucti amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-7 

No: Claims 

Inventive step (IS) Yes: Claims 1-7 

No: Claims 

Industrial applicability (lA) Yes: Claims 1 -7 

No: Claims 



2. Citations and explanations 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VHI, Sheets) (July 1998) 



INTERNATIONAL PREoMINARY International application No. PCT/HUOO/00066 

EXAMINATION REPORT - SEPARATE SHEET 



US 5 179 013 discloses the microbial hydroxylation of compactin by cytochromes 
produced by cultivation of Streptomyces carbophilus. A problem with using fungi is that 
these organisms generally do not tolerate higher concentrations of compactin in liquid 
culture media (presumably due to its antifungal activity). 

None of the available prior art discloses the microbial process claimed in present 
application for the preparation of pravastatin from salts of acidic form of compactin with 
a microorganism from genus Micromonospora, which moreover allows to apply higher 
substrate concentration. 

Therefore claims 1-7 appear to meet the requirements of articles 33(2) and (3) PCT. 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



TENT COOPERATION TREATY 

PCT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 1 8 and Rules 43 and 44) 



Applicanf s or agents file reference 

92598-12126 


POR FURTHER Notificatjon of Transmittal of International Search Report 

■- wn ^p^^ PCT/ISA/220) as well as, where applicable, item 5 below. 
ACTION 


International appllcalion No. 

PCT/HU 00/00066 


International filing date (day/month/year) 

29/06/2000 


(Eariiest) Priority Date (dayAnonth/year) 

12/07/1999 


Applicant 

6Y0GYSZERKUTAT0 INTEZET KFT. 



This Intemational Search Report has been prepared by this Intemational Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the Intemational Bureau. 



sheets. 



This Intemational Search Report consists of a total of c. 

|X| It is also accompanied by a copy of each prior art document cited In tills report. 



2, 
3. 



Basis of the report 

a. With regard to the language, ttie intemational search was carried out on the basis of the international application in the 
language in which it was filed, unless ottierwise indcatad under tiiis item. 

I I ttie intemational search was canted out on the basis of a translation of tiie intemational application furnished to tills 
' Auttioiity (Rule 23.1(b)). 

b. Wrtii regard to any nucleotide and/or amino acid sequence disclosed in tine intemational application, the intemational search 
was carried out on the basis of the sequence listing : 

I I contained in tiie intemational application in written fonn. 

I I filed together witti the intemational application in computer readable form. 

I I furnished subsequentiy to this Authority in written form. 

I I fumished subsequentiy to ttiis Autiiority In computer readble form. 

I I tiie statement tiiat the sufc>sequentiy fumished written sequence listing does not go beyond the disclosure In the 
intemational application as filed has been fumished. 

I I tiie statement ttiat the Information recorded in computer readable form is identical to ttie written sequence listing has be n 
fumished 

I I Certain claims were found unsearchable (See Box I). 
|~| Unity of Invention le lacking (see Box II). 

With regard to the title, 

I I the text is approved as submitted by the applicant. 

pri the text has been established by this Autiiority to read as follows: 

HYDROXYLATION OF COMPACTIN TO PRAVASTATIN BY MICROMONOSPORA 



With regard to the abstract, 

[X| ttie text is approved as submitted by tiie applicant. 

□ tiie text has been established, according to Rul 38.2(b), by tiiis Autiiority as rt appears in Box III. Th applicant may, 
within one month from tti date of mailing of tills intemational search report, submit comm nts to ttiis Auttiority. 



6. Th figure of til drawings to be publish dwittitti abstract is Rgure No. 



I I as suggested by til applicant. 23 Non of til figures, 

I I because til applicant failed to suggest a figure. 

I I because ttiis figure better characteriz sttieinv ntion. 



Fomn PCT/ISA/210 (first sh et) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International Application No 



A. CLASSIFICATION OF SUBJECT MAT — , 

IPC 7 C12P17/06 C12P7/42 



Aooofding to Irtfematlonai Patent Classifteation (IPC) or to both nattonai dasslfteation and IPC 



m 



HU 00/00066 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C12P 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search temis used) 

EPO-Internal , WPI Data, PAJ, BIOSIS, CHEM ABS Data, MEDLINE, CANCERLIT, EMBASE 



C. lOOCUMENTS CONSIDERED TO BE RELEVANT 
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The present invention relates to a new microbial process for the preparation of 
pravastatin. 

More particularly, this Invention relates to a microbial process for the 
preparation of pravastatin of fonmuia (I) 




from a compound of the general formula (II) 




(II) 



wherein R stands for an alkali metal or ammonium ion, wrth a microorganism 
wherein said microorganism is a prokaryote from genus Micromonospora 
which is able to hydroxylate a compound of the general formula (II) at the 
6|)-position. 
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The hypercholesterolaemia has been recognized as a major risk factor for 
atherosclerotic disease, specifically for coronary heart disease. During the past 
two decades 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA 
reductase EC. 1.1.1.34) as the major rate-limiting enzyme in the cholesterol 
biosynthesis, has been extensively studied. Mevinolln and related compounds 
biosynthesised by selected strains of different fungal species were found to be 
competitive inhibitors of this enzyme [Endo. A. et al.. J. Antibiotics 29. 
1346-1348 (1976): Endo. A. et aL. FEBS Lett 72. 323-326 (1976): Kuo. C.H. et 
al., J. Org. Chem. 48. 1991-1998 (1983)]. 

Pravastatin Is also a member of the family of HMG^CoA reductase inhibitors. 
At first, pravastatin was found as a minor urlnaiy metabolite of compactin in dog 
aanaka. M. et al., unpublished) in the course of metabolic studies of compactin 
[Aral. M. et al. Sankyo Kenkyusho Nempo. 40. 1-38 (1988)]. 

The main characteristic property of pravastatin as the hydroxylated product of 
compactin is its tissue selectivity. This dmg strongly inhibits sterol synthesis in 
liver and in intestine, but weakly in other organs. It Is advantageous that 
pravastatin possesses kjwer toxicity than the other HMG-CoA reductase 
inhibitors. 

It has been reported that microbial hydroxylation of compactin can be 
accomplished in various extent by several strains of species belonging to many 
different genera of fungi, and by strains of actinomycete species belonging to 
the genera Nocardia, Actinomadura and Streptomyoes. among othere 
Sbreptomyces roseochromogenes and Streptomyces carbophilus (U.S Patent 
No. 5.179,013. U.S. Patent No. 4.448.979. U.S. Patent No. 4,346.227. U.S. 
Patent No. 4,537.859. Japanese Patent No. 58,0 1 0,572). 

A problem with using fungi for the production of pravastatin from compactin is 
that these organisms generally do not tolerate higher concentrations of 
compactin in liquid culture media, presumably due to its antifungal activity 
[Serizawa. N. et al.. J. Antibiotics 36, 887-891 (1983)]. In Streptomyces 
carbophilus the cytochrome P450 syst m has been shown to be required for 
the hydroxylation of compactin to pravastatin [Matsuoka. T. et al Eur J 
Biochem. 184. 707-713 (1989)]. Difficulty of genetic improvem nt of the ability 
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of hydroxylation with the use of such an enzyme is that it is a complex of 
proteins rather than a single protein. 

Our investigation were focused on finding an actinomycete strain which would 
produce pravastatin from salts of acidic form of compactin with higher yield and 
by applying higher substrate concentration in the bioconversion than those 
known from former patent specifications. 

During the screening, covering about 6000 actinornycetes, mostly our own 
isolates, but also authentic strains from intemational strain collections, five 
Streptomyces and five Micromonospora were selected for further studies, 
because they proved to be able to hydroxylate the sodium salt of the acidic 
form of compactin into pravastatin. These ten actinomycete strains, from which 
eight strains have been taxonomicaily identified at species level in our 
laboratory, were the following: 

Streptomyces violaceus (according to KSmpfer et al. 1991 ), strain No. 1/43. 
StreptomycBs mchel (Berger et al.. 1949; Waksman and Lechevalier. 1953), 
strain No. 1/41, 

Streptomyces rBsistomyofficus (Ltndenbein,.1952), strain No. 1/44. 
Streptomyces sp., strain No. 1/28. 
Streptomyces lanatus, (Frommer, 1959), strain No, 1/16. 
Micromonospora sp., strain No. IDR-P3. 

Micromonospora purpurea (Luedemann and Brodsky, 1964), strain No. IDR-P4, 
Micromonospora echinospora (Luedemann and Brodsky, 1964). strain No. 
IDR-P5. 

Micromonospora megalomicea (Weinstein etal, 1969). strain No. IDR-Pe. 
Micromonospora rosaria (Horan and Brodsky, 1986), strain No. IDR-P7. 

Since, up to now, there are no data in the literature on the abilrty of 
Micromonospora to convert salts of the acidic form of compactin into 
pravastatin, we have thoroughly studied not only this particular enzymatic 
ability, but also the taxonomic position of these above listed strains of 
Micmmonospora. 
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Taxonomic position of strains IDR-P3, -P4, -Pg, -P^ and -P7 at generic level 

All of these strains produced well developed mycelia, composed of branched 
hyphae of about 0.4-0.7 ixm in diameter. Aerial mycelium is absent or occurs 
only in traces. Nonmotile spores are borne on sporophores singly, Hyphae of 
the substrate mycelium are Gram-posftive and not acid-fast. Strains Nos. IDR 
P3-P7 are aerobic, chemo-organotrophic and sensitive to pH below 6.0. Walls 
contain meso-diaminopimelic acid, The above listed diagnostic properties — as 
key characters — clearly demonstrate, that these monosporic actinomycete 
strains are typical members of the genus Micmmonospom. 

Taxonomic description of Micromonospora sp.. strain No. IDR-P, 

Micromorphological properties: Substrate mycelium is composed of well 
developed, more curved than straight, monopodially branching filaments. 
Spores on the sporophores are single, spherical approximately 1.8 jun in 
diameter and dispersing more or less evenly on hyphal filaments. Spores are 
either sessile or on the end of short sporophores. In broth cultures spores were 
not observed on the hyphae presumably because the release of mature spores 
is very quick. 

Cultural-macromorphological properties: 

Czapek-sucrose agar Medium growth, the colonies have reddish colour 
covered by point-like black sporulating areas. 

Glucose-asparagine agar The growth was reconjed as point like and elevated, 
reddish-brown or black colonies. Reddish diffusible pigments. 
Nutrient agar: Fair growth, elevated, reddish-brown or black colonies. Reddish- 
brown exopigment in the medium. 

Yeast extract-malt extract agar (ISP Med.2): Well developed, elevated and 
wrinkled, brown colonies, covered partly with black sporulating areas or with 
'*pseudo«aerial mycelium" (this is appearing as a restricted whitish or greyish 
bloom). Brownish or brownish-red soluble pigment. 

Inorganic salts-starch agar (ISP Med. 4): Medium growth of reddish-brown 
elevated and wrinkled colonies. Light r ddish soluble pigm nt. 
Glycerol-asparagine agar (ISP Med. 5): Growth only in traces, off-white or light 
orange coloured, flat coloni s, light rose soluble pigment. 
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Carbon source utilization: Good growth on and positive utilization of 
L-arablnose. D-galactose. D-fructose. D-gluc»se, D-xylose. lactose, melibiose. 
sucrose. D-mannitol. dulcftol, glycerol and inositol. Growth with L-rhamnose, 
D-raffinose and inulin was slightly better than on the negative control medium. 
Nitrogen source utilization: Good growth with yeast extract and NZ-Amlne, no 
or weak utilization of NaNO,. 

Other physiological-biochemical properties: Cellulose and starch are 
hydrolyzed. milk is digested strongly. Nitrate reduction test Is negative. No 
growth on potato slices without calcium carbonate (pH 6.8-6.0). No melanold 
pigment production. 

This strain No. IDR-Pg of M/citwnonospora sp. was isolated from a mud sample 
of Lake Balaton (Hungary). 

Systematic position: Further comparative systematic studies would be 
necessary to clarify the exact taxonomic position of this strain among the 
species of the genus Micromonospora. On the basis of certain properties it 
seems to be not impossible, that strain IDR-P, represents a new species within 
the genus Micromonospora. 

Differential-diagnostic description and identification of Micromonospora strains 

IDR-P4. -Pa, -p. and Py 

Strain IDR-P^ 

On the above listed diagnostic media, generally, good growth, orange to orange 
red, red. sometimes yellowish or rose coloured colonies. Soluble pigments and 
aerial mycelium are not produced. The number of solitary spores is relatively 
low. They occur on the sporophores terminally. Substrate mycelium is 
composed of well branching hyphae. Aerial mycelium absent. No growth on 
D-melibiose. raffinose, mannitol. glycerol, lactose. L-rhamnose but good grtiwth 
on D-arabinose. glucose, D-xylose and weak growth on D-galactose and 
D-fructose. On the basis of these conventional diagnostic properties we have 
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identified this strain as a member of species Micromonospora purpurea 
(Luedemann and Bn>dsl<y, 1964). 

Strain IDR-Pg 

This strain produces mostly solitary sporophores and sphaerical dark brown to 
black spores (0.8-1.5 iim in diameter) which adhere firmly to the sporophores 
until maturation. According to our electronmicroscopic observations, on the 
surface of these spores warty structures or outgrowths ("blunt spines" according 
to the Vol. 4 of Berge/s Manual of Syst. Bact 1989, pages 2448) can be 
obsen/ed. which is very characteristic of the spores of Micromonospora 
echinosora. Othen<vise, the cultural-morphological and physiological diagnostic 
properties of this strain are also very similar to those of the M. echinospora. The 
colour of the well developed colonies on the standard diagnostic media is 
orange-brown or dark purple. The sporulating layer is black or purplish black, 
waxy. Aerial mycelium absent Melanin pigment not produced. Milk digested. 
Good growth on D-xylose. D-arablnose. D-gJucose. and sucrose, but no growth 
with L-rhamnose. rafiinose. D-galactose. D-fructose, D-melibiose and glycerol. 
We consider this strain as a typical member of Micromonospora echlnospora. 

Strain IDR-Pg 

On the majority of diagnostic media moderate to weak growth. The orange or 
orange red colonies consist of long branched filaments (appr. 0.6 nm in 
diameter) and a limited number of solitary, sphaerical, dark coloured spores 
(0.6-1,0 |im In diameter). Does not produce aerial mycelium. In certain media 
weak reddish or rose coloured soluble pigments are formed. On tyrosine agar 
melanold pigments were not produced. On a basal medium the following 
carbon sources have been utilized by this strain: D-xylose and D-fructose; only 
weakly: D-melibiose, mannitol and galactose, but no or sporadic growth was 
obsen^ed with glycerol, L-rhamnose. lactose and raffinose (see also 
Kawamoto, I. et aL: Agric. Biol. Chem., 47, 203-215, 1983). Strain No. IDR-Pg 
shows a consklerable similarity to the species Micromonospora megalomicea. 
(Weinstein, 1972) and we consider it as a member of this sped s. 
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Strain IDR-Pr 

GocxJ to moderate growth on Bennett agar, Czapek sucrose agar, glucose- 
asparagine agar, nutrient agar, oatmeal agar, potato-dextrose agar, etc. The 
colour of the vegetative mycelial pigments ranges from reddish-brown to 
purplish-brown. On certain media wine red diffusible pigments are formed. On 
the surface of the colonies black spots are frequently produced. Vegetative 
hyphae (average diameter: 0.5 ^m) are intensivdy branched. Spores (1.4-1.7 
Mm in diameter) are bome singly, sessile or on short sporophores and occur 
along the length of the hyphae. Growth and sporulation are of open web type of 
Luedemann. The following compounds are utilized by this strain as only source 
of carbon in medium: D-glucose, lactose. D-mannltol. L-rhamnose, sucrose and 
D-xylose. Dulcitol. glycerol, D-melibiose and D-raffinose are not utilized. We 
have identified strain No. IDR-P7 as a typical member of Micromonospora 
rosaria (Horan and Brodslcy, 1986). 

The above presented Micromonospora strains were deposited at the National 
Collection of Agricultural and Industrial Microorganisms (NCAIM), Budapest, 
l-iungary, under the below given number-designations: 

Micromonospora sp. IDR-P3 NCAIM (P) B 001268 

MKXomonospora purpurea IDR-P4 NCAIM (P) B 001271 

Micromonospora echinospora ssp. ecMnospora IDR-Pj. NCAIM (P) B 00 1 272 
Micromonospora mega/omicea ssp. nigra IDR-Pj. NCAIM (P) B 001273 

Micromonospora rosaria IDR-P7. NCAIM (P) 8 001274 

Based on the above the invention relates to a new microbial process for the 
preparation of pravastatin of fbnmula (i) 

NaOOC<^'"°" 




(» 
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from a compound of general formula (II). 




(H) 

wherein R stands for an alkali metal or ammonium ion, 

by the submerged cultivation of a strain which is able to 6p-hydroxyIate a 
compound of formula (II) in aerobic fermentation and by the separation and 
purification of the compound of formula (I) formed in the course of the 
bioconversion comprising the steps of 

a) cultivating a strain of a species belonging to the genus Micmmonospora 
which is able to 6^hydroxylate a compound of formula (II) - wherein R is as 
defined above - on a nutrient medium containing assimilable carbon- and 
nitn>gen sources and mineral salts at 25-32''C. thereafter 

b) feeding the substrate to be transformed into the developed culture, then 

c) hydroxylating the substrate until the end of bioconversion* then 

d) separating the compound of formula (I) from the culture broth and, if desired, 
purifying the same. 

The scope of the invention extends to the wild strains and any mutants of 
species belonging to the genus Micmmonospora which are able to hydroxyiate 
the sodium salt of the acid form of compactin to pravastatin. 

According to a prefen^d embodiment of the present invention pravastatin is 
produced with a Micmmonospora strain selected from the group consisting of 
Micmmonospora sp. IDR-P3 [NCAIM (P) B 0012681, Micmmonospora purpurea 
IDR-P4 [NCAIM (P) B 001271], Micmmonospora echinospora IDR-P5 
[NCAIM (P) B 001272]. Micmmonospora megalomicea IDR-Pe [NCAIM (P) B 
001273] and Micmmonospora msaria IDR-P7 [NCAIM (P) B 001274]. 
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According to the most preferred embodiment of the invention pravastatin is 
produced with Micromonospora sp. strain IDR-P3 [NCAIM (P) B 0012681. 

The present invention can be carried out by in situ fermentation method, that is 
when, hydroxylation Is accomplished with the participation of an actively 
growing Micromonospora culture. 

The hydroxylation may be conducted by employing agitation as shake-flask 
culture or aeration and agitation In fermentors, when the compound of the 
formula (II) is added to the growing cultures. In such cases an anti-foaming 
agent may be employed- The adequate density of culture of this strain could be 
achieved by the use of an appropriate medium containing available carbon and 
nitrogen sources, inorganic salts as well as trace elements. 

E.g. glucose, glycerol, dextrin, starch, rhamnose. xylose, sucrose and soluble 
starch proved to be assimilable carbon sources while soybean meal, com steep 
liquor, peptone, yeast extract, meat extract, ammonium citrate and ammonium 
sulfate as good nitrogen sources. Inorganic salts such as calcium carbonate, 
sodium phosphates, potassium phosphates etc., may be added to the culture 
medium. Preferred media for the growth of this selected strain are those 
described in the examples. 

The bioconversion of compactin to pravastatin can be done by different 
fermentation techniques, e.g., batch culture, fed-batch culture. Preferably, an 
agitated liquid submerged culture is used. The preferred temperature is about 
25«C to 37*C, most preferably about 25^C to 32*C. 

The prefen-ed pH is about 6.0 to 9.0, most preferably about 7.0 to 8.5. The 
preferred shaking condition is about 200 rpm to 400 rpm, most preferably about 
250 rpm. 

The invention provides a method for converting compactin acid sodium salt to 
pravastatin. Compactin acid sodium salt can be used In this invention at any 
concentration which will result in production of pravastatin. Preferably, the 
compactin concentration is between 0.1 and 10 g/llter, more preferably is 
between about 0.3 and 3.0 g/liter. 
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The invention is meant to cover any percentage of conversion of compactin to 
pravastatin by the strains of Micmmonospora spp., at least 30% and most 
preferably at least about 90%. 

In the course of the fermentation the composition of the culture broth is 
controlled by a high perfbrniance liquid chromatographic (HPLC) method. 
According to the HPLC method the sample of the broth is diluted twofold with 
methanol, centrifiiged and the supernatant is used for the analysis. Parameters 
of the HPLC system used for the analysis are: Waters analytical HPLC 
equipment; column packing: Waters Novapack C^s 5|im; measurement at 237 
nm; injection volume 10 ^1; flow rate 0.6-0.9 ml/min linear gradient; gradient 
elution is used, eluents: solvent A = acetonftrile - 0.1 M NaH2P04 In water 
(25:75), solvent B = acetonitrlle - water (pH 2 with H3P04) (70:30). 

Parameters of gradient elution: 



Time (mln) 


Flow rate 
(ml/min) 


EiuentA(%) 


Eluent B (%) 


0 


0.6 


100 


0 


2 


0.7 


100 


0 


12 


0.9 


0 


100 


21 


0.9 


0 


100 


22 


0.9 


100 


0 


27 


0.7 


100 


0 



Retention times: pravastatin (Na salt) 10.6 mln; compactin (acid Na salt) 19.5 
min; pravastatin (lactone form) 17.3 min, compactin (lactone form) 23.5 min. 

Any known method can be used for the isolation of pravastatin, e.g., extraction- 
reextractlon, anion exchange chn^matography, precipitation. 

For the recovery of the product from the broth it is advantageous to take into 
consideration the fact that during the bioconversion pravastatin is formed in its 
acidic form, thus it can be isolated from the filtrate of the broth by its adsorption 
on an anion exchange resin column. For the isolation of the product it is 
advantageous to use a strongly basic anion exchange resin which is a 
polystyrene-divinylbenzene polymer carrying quaternary ammonium active 
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groups e.g. Dowex Al 400 (OH ), Dowex 1x2 (OH"), Dowex 2x4 (OH"). Amberlite 
IRA 900 (OH*) resins. The product adsorbed on the Ion exchange resin can be 
eluted from the column by aqueous acetic acid or a sodium chloride containing 
acetone - water mbcture, preferably by 1% sodium chloride containing acetone - 
water (1:1) mixture. Pravastatin containing fractions are combined and the 
acetone being in the eluate is distilled off in vacuum. The pH of the concentrate 
is adjusted with 15% sulphuric acid into the range of 3.5-4.0 and the acidified 
aqueous solution is extracted by ethyl acetate. From the ethyl acetate extract 
pravastatin can be extracted by 1/10 and 1/20 volume ratio of 5% sodium 
hydrogen carbonate or weakly alioline water (pH 7.5-8.0), It was experienced, 
that pravastatin can be recovered in a pure form from tiie above obtained 
dll<arme aqueous extract by column chromatography on a non-ionic adsorption 
resin. An advantageous method Is, that first of all the ethyl acetate dissolved in 
the aqueous phase is removed by vacuum distillation from the alkaline aqueous 
extract and then the aqueous extract is loaded on a Diaion HP-20 column. 
Pravastatin adsorbed on the column is purified by eiution with aqueous acetone 
in which the acetone content is gradually increased, then the chromatographic 
fractions containing pravastatin as a single component are combined and 
concentrated in vacuum. The concentrate is clarified with charcoal and 
lyophilized, then crystallized from an ethanol - ethyl acetate mixture, affording 
pravastatin in a quality acceptable for pharmaceutical application. 

After finishing the bioconverslon pravastatin can be extracted either from the 
fermentation broth or from the filtrate obtained after the separation of the 
micelium mass. The latter can be removed either by filtration or centrifugation, 
however, it is advantageous especially in an industrial scale to make a whole 
broth extraction. Before extraction the pH of either the fermentation broth or the 
filtrate of the broth is adjusted to 3.5-3.7 with a mineral acid preferably with 
diluted sulphuric acid. The extraction is done with acetic acid ester with a 2-4 
carbon atom containing aliphatic alcohol preferably with ethyl acetate or 
isobutyl acetate. The ethyl acetate extract is washed with water and dried with 
anhydrous sodium sulphate. Then the lactone derivative is prepared from 
pravastatin. The lactone ring closure is canied out in dried ethyl acetate 
solution at room temperature, und r continuous stining by inducing the lactone 
formation with catalytic amount of trifluoro-acetic acid. The lactone ring closure 
is checked by thin layer chromatographic analysis (TLC). After finishing the 
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lactone formation the ethyl acetate solution is washed at first with 5% aqueous 
sodium hydrogen carbonate solution and then with water, and it is dried with 
anhydrous sodium sulphate and evaporated In vacuum. The residue is purified 
with silica gel column chromatography used as the eiuent mixtures of ethyl 
acetate - n-hexane with gradually increasing ethyl acetate content Pravastatin 
is prepared from the pravastatin lactone by hydrolysis at room temperature in 
acetone with equivalent quantity of sodium hydroxide. When the pravastatin 
sodium salt fbnnation has been completed, the pravastatin is precipitated with 
acetone. Then the precipitate is filtered and washed with acetone and n-hexane 
and dried in vacuum, then crystallized from an ethanol - ethyl acetate mixture. 

It was found, that the chromatography on Sephadex LH-20 gel is 
advantageously applicable for purifying pravastatin- By application of this 
method pravastatin exceeding the purfty of 99.5% (measured by HPLC) can be 
produced. 

In the course of our experiments the following invention has been recognized: 
from the organic solvent extract, preferably from the ethyl acetate or isobutyl 
acetate extract of the broth or the broth filtrate of Micromonospom sp. IDR-P3 
strain which is able to 6p-hydroxylate a compound of general fomnuia (II), 
pravastatin can be precipitated as a crystalline salt with secondary amines. 
Further tt was found, that for the salt formation several secondary amines 
containing alkyi-, cycloalkyi-. aralkyl- or aryl-substituents are appropriate. 
Expediently non-toxic secondary amines were selected among them, e.g.. 
dioctylamine. dicyclohexylamlne, dibenzylamine. The isolation of the organic 
secondary amine salt intemiedlates, e.g., the dibenzylamine salt was carried 
out by adding dibenzylamine in 1.5 equivalent quantity related to the 
pravastatin content of the extract, then the extract is concentrated by vacuum 
distillation to 5% of its original volume, then another quantity of dibenzylamine 
is added into the concentrate in 0.2 equivalent ratio. The crystalline 
dibenzylamine salt is precipitated from the concentrate. The crystalline cnjde 
product is filter^ and dried in vacuum, and It is clarified vinth charcoal in 
methanol or acetone solution. Then with recrystallizatlon of tiie clarified product 
from acetone chromatographlcally pure pravastatin dibenzylamin salt 
intermediate can be obtain d. 
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Pravastatin organic secondary amine salts can be transformed to pravastatin by 
sodium Inydnaxide or a sodium alkoxide preferably sodium ethoxide. 

The isolation of pravastatin via a secondary amine salt intermediate is a simpler 
procedure than any of tiie ever known isolation procedures. During the 
procedure artefacts are not farmed, and the separatton of pravastatin from the 
by-products of the bioconversion and firom the various metabolic products 
blosynthesized by the hydroxylating micrewrganism can be advantageously 
solved. 

The process according to the invention is presented by the following examples. 
Example 1 

Spores were obtained from the surface of a 7-10 day old, soluble starch agar 
(SM) slant culture of Mlcromonospom sp. IDR-P3 [NCAIM (P) B 001268] strain 
and suspended in 5 ml of sterile distilled water. This suspension was then used 
to inoculate 100 ml of sterile Tl inoculum medium in a 500 ml Erienmeyer flask. 

Comoosition of SM medium 
Soluble starch 10.0 g 

Na2HP04 1-15 g 

KH2PO4 0.25 g 

KCI 0.2 g 

MgS04x7H20 0.2 g 

Agar 15.0 g 

in 1000 ml of distilled water 

The pH of the medium was adjusted to 7.0 before sterilization and the mixture 
was sterilized at 121'>C for 25 minutes. 

Composition of Tl medium 
Soluble starch ' 20.0 g 

Yeast extract 10.0 g 

in 1000 ml of tap water 
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The pH was adjusted to 7.0 before sterilization and heat treated at ^2^°C for 25 
minutes. 

The developing culture was shaken on a natary shaker (250 r.p.m.; and 
amplitude: 2.5 cm) for 3 days, at 32''C. then 5 ml aliquots from ft were used to 
inoculate 10 Erienmeyer flasks of 500 ml volume each containing 100 ml of TT 
medium sterilized at 121*C for 25 minutes. 



Comnosition of TT medium 


Potato starch 


30.0 g 


Soybean meal 


30.0 g 


CaCOa 


5.0 g 


C0CI2X6H2O 


2.0 mg 


Palm oil 


2.0 g 


in 1000 ml of tap 


water 



The pH was adjusted to 7.0 before heat sterilization. 

The incubation was carried out at 32^C for 72 hours then 50 mg of compactin 
acid sodium salt was added to each flasi< in distilled water, and the cultivation 
was carried out for 96 hours. The conversion rate of compactin acid sodium salt 
into pravastatin measured by HPLC was 82%. 

After finishing the fermentation the cultures were united, and frc)m the obtained 
collective fermentation broth, which contained 410 mg of pravastatin, the 
isolation of the latter was carried out as follows: The fermentation broth was 
centrifuged at 2500 r.p.m. for 20 min. The supematant of the broth and the 
mycelial mass were separated, then the latter was resuspended In 250 ml of 
water and the obtained suspension was stirred for one hour and filtered. The 
pH of the combined centrifuged broth and the filtrate was adjusted by 15% 
sulphuric acid to 4.0. then the acidic filtrate was extracted with 3x300 ml of ethyl 
acetate. The combined ethyl acetate extracts were washed with 300 ml of 
water, dried with anhydrous sodium sulphate and concentrated in vacuum to 
100 ml volume. Then pravastatin lactone was prepared from pravastatin by 
adding trifluoroacetic acid In catalytical amount at room temperature under 
continuous stirring. Formation of pravastatin lactone was controlled by TLC 
method: adsorbent: Kieselgel 60 F254 DC (Merck) aluminium foil; developing 
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solvent: acetone - benzene - acetic acid (50:50:1.5) mixture; detection: with 
phospho-molybdlc acid reagent The Rf value of pravastatin lactone was 0.7. 
Afterthe completion of the lactone formation the ethyl acetate was washed with 
2x20 ml of 5% aqueous sodium hydrogen carbonate then washed with 20 ml of 
water, dried with anhydrous sodium sulphate and evaporated in vacuum. 0.5 g 
of evaporation residue was obtained, which was chromatographed on 10 g of 
Kieselgel 60 adsorbent containing column (diameter of the column: 1.2 cm. 
height of the adsorbent bed: 17 cm). For elutlon ethyl acetate - n-hexane 
mixtures were used in which the ethyl acetate content was gradually Increased. 
Pravastatin lactone was eluted from the column with the mixture of 60% ethyl 
acetate - 40% n-hexane. The fractions containing pravastatin lactone were 
combined and evaporated in vacuum. The residue obtained, which contained 
230 mg of pravastatin lactone, was dissolved in 5 ml of acetone and then under 
stirring 110 mole% of sodium hydroxide was added in 1M ethanolic solution. 
Stining of the solution was continued for half an hour at room temperature. 
Subsequently, the solution was concentrated to 2 ml volume and 4 ml of 
acetone was added to the concentrate. The mixture was kept at +5'*C 
overnight. The precipitate was filtered, washed with 2 ml of acetone and then 
with 2 ml of n-hexane and dried in vacuum at room temperature. The resulting 
crude pravastatin was dissolved in ethanol, clarified by charcoal, then 
crystallized from ethanol - ethyl acetate mixture. In this way 170 mg of 
pravastatin was obtained. 

Melting point 170-173*'C (decomp,) 
[a]l = + 1 56^ (c = 0.5. in water). 

Ultraviolet absorption spectrum (20 jjig/ml, in methanol); ^rnax = 231, 237, 
245 nm (log e ^ 4.263; 4.311; 4.136). 

Infrared absorption spectnjm (KBr): vOH 3415, vCH 2965, vC=0 1730, vCOO" 
1575 cm'1. 

IH-NMR spectrum (D2O, 5, ppm): 0.86, d. 3H (2-CH3); 5.92, dd, J = 10.0 and 
5.4 Hz. 1H (3-H); 5.99, d. J « 10.0 Hz, 1H (4-H); 5.52. br, 1H (5-H); 4.24, m, 1H 
(6-H); 5.34, br. 1H (8-H); 4.06. m. 1H (p-H). 3.65. m, 1H (5-H); 1.05. d. 3H 
(2'.CH3); 0.82, t, 3H (4'-H3). 



13C.NMR spectnjm (D2O, S. ppm): 15.3. q (2-CH3): 139.5. d (C-3); 129.5, d 
(C-4); 138.1. s (C-4a); 127.7, d (C-5); 66.6. d {0-6); 70.1. d (C-8); 182.B. s 
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(COO-); 72.6, d (C-p): 73.0. d (C-5); 182.0, s (C-V): 18.8, q (2'-CH3); 13.7. q 
(C-4'). 

Positive FAB mass spectrum (characteristic ions): [M+Na]+ 469; [M+HV 447. 
Negative FAB mass spectrum (cliaracteristic ions): [M-H]" 445, [l\/l-Na]- 423, 
£Q/2 101 C2-metliyl-butyric acid-H]". 

Example 2 

10 Erienmeyer flasks of 500 ml volume each containing 100 ml of MT., 
bioconversion medium were inoculated with inoculum culture prepared as 
described In Example 1, then incubated at 28''C for 96 hours and 50 mg of 
compactin acid sodium salt was added to each flask in distilled water, then the 
hydroxylation was carried out for 72 hours when another 50-50 mg of substrate 
was added to the cultures in distilled water and the fenmentation was continued 
for 72 hours. 

Composition of MTj b ioconversion medium 



Potato starch 1 0.0 g 

Dextrose 20.0 g 

Soybean meal 1 0.0 g 

Yeast extract 10.0 g 

CaCOa 5.0 g 

Sunflower oil 2.0 g 



in 1000 ml of tap water 

The pH of the bioconversion medium was adjusted to 7.0 before sterilization. 
The mixture was sterilized at 121 °C for 25 minutes. 

After finishing the bioconversion period the cultures were united and the 
pravastatin was isolated from the collective broth according to the following 
procedure: 

Th united broth, which contained 750 mg of pravastatin accoreilng to the HPLC 
assay was centrifuged at 2500 r.p.m. for 20 min. The separated micelium mass 
was stirred with 250 ml of water for an hour, then filtered. The centrifuged broth 
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and the filtrate were combined and the pH of the resulting solution was adjusted 
to a 3.5-4.0 value, with 15% sulphuric acid, then the solution was extracted with 
3x300 ml of ethyl acetate. Then 150 mole% of dibenzylamine-calculated for the 
pravastatin content - was added to the ethyl acetate extract. The ethyl acetate 
extract was evaporated to about 30 ml volume and the suspension was kept 
overnight at 0-5°C. The precipitated pravastatin acid dibenzylamine salt was 
filtered and washed on the filter with cooled ethyl acetate and n-hexane, finally 
dried in vacuum. The 1.1 g of crude pravastatin add dibenzylamine salt was 
dissolved in 33 ml of acetone at 62-66^C temperature, and the solution was 
clarified with 0.1 g of charcoal for half an hour. Then the charcoal was removed 
by filtration from the solution. Crystals precipitated from the clarified solution 
were dissolved again at the above temperature, then the solution was kept at 
+5*C overnight. The precipitate was filtered, washed with cooled acetone and 
n-hexane and dried in vacuum. Pravastatin acid dibenzylamine salt obtained 
(0.7 g) was suspended in 10 ml of ethanol. then 110 mole% of sodium 
hydroxide was added to the solution by feeding 1M aqueous solution. Stirring of 
the alkaline solution was continued for half an hour at room temperature. After 
the completion of the sodium salt formation 30 ml of water was added and the 
pH of the solution was neutralized, then ethanol was distilled off In vacuum. The 
aqueous concentrate was chromatographed on a column filled with 50 ml of 
DIaion HP 20 resin (diameter of the column: 1 .5 cm, height of the resin bed: 
28 cm). The column was eluted with acetone-deionized water mixtures, where 
the concentration of the acetone was increased in 5% steps. Pravastatin could 
be eluted from the column by a 15% acetone containing acetone-delonized 
water mixture. Fractions were analysed by TLC method given In the Example 1 . 
The Rf value of pravastatin was 0.5. Fractions containing pravastatin were 
combined and the acetone content was evaporated in vacuum. By the 
lyophilizatlon of the aqueous residue 390 mg of chromatographlcally pure 
pravastatin was obtained. 
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Example 3 

4.5 litres of TT/2 medium, in a laboratory femnentor, were sterilized at 121^0 for 
45 minutes and inoculated \A^th 500 ml of inoculum shake culture prepared ad 
described in Example 1, then incubated at Z2^C. aerated with 250 1 of sterile 
alr/h and stirred with a flat blade stInBr at 300 r.p.m. The Incubation was 
continued for 72 hours and 2.5 g of compactin acid sodium salt was added to 
the culture. After 48*** hour of the bioconversion period the compactin substrate 
was completely consumed from the fermentation broth, then an additional 2.5 g 
of compactin acid sodium salt was added again into the culture. The second 
dose of compactin was consumed within 24 hours. The conversion rate of 
compactin acid sodium salt into pravastatin was about 90% in the 
bioconversion process. 

Comoosition of TT/2 bioconversion medium 

Glucose 75.0 g 

Soluble starch 50.0 g 

Soybean meal 50.0 g 

Yeast extract 50.0 g 

Pepton 5.0 g 

NaN03 20.0 g 

CaC03 25.0 g 
in 4500 ml of tap water 

Example 4 

4.5 litres of the TT/1 fermentation medium, in a laboratory fermentor were 
sterilized at 121^*0 for 45 minutes and inoculated with 500 ml of the inoculum 
shake culture prepared as described in Example 1, then incubated at 28°C, 
a rated wrth 200 1 sterile air/h and stired with a flat blade stin-er at 400 r.p.m. 
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ComDOSition of TT/1 bioconversion medium 


Glucose 


125.0 g 


Potato starch 


25.0 g 


Soybean meal 


50.0 g 


Yeast extract (Gistex) 


50.0 g 


Pepton 


50.0 g 


C0CI2X6H2O 


10.0 mg 


Sunflower oil 


10.0 g 


in 4500 ml of tap water 





The pH of the biocx)nversion medium was adjusted to 7.0 before sterilization. 

Cultivation was continued at 28^*0 for 96 hours. At this time 2,5 g of compactin 
acid sodium salt was added in sterile filtered aqueous solution to the culture. By 
the 5^ day of fermentation the compactin acid sodium salt was completely 
consumed from the fermentation broth. Then the substrate feeding was 
repeated dally for further 3 days in 2.5 g/day portions. The compactin acid 
sodium salt substrate was gradually consumed during the four days and 
converted completely to pravastatin. According to the results of i^PLC 
measurements at the end of the fermentation period from 10 g of compactin 
substrate 9 g of pravastatin has been produced. 

After finishing the bioconversion the pravastatin formed In the concentration of 
1800 pg/mi was isolated as follows: 

5 litres of culture broth were centrlfuged at 2500 r.p.m- for 20 min. Then 2 litres 
of water were added to the separated mycelial mass and the suspension was 
stirred for one hour and filtered. These two filtrates were united and passed 
through with a flow rate of 500 ml/hour on a column containing 300 g (540 ml) 
of Dowex Al 400 (OH~) resin (diameter of the column: 4 cm. height of the resin 
bed: 43 cm), then the resin b d was washed with 1 litre of deionized water 
Thereafter the column was eluted with 1 litre of acetone - water (1:1) mixture 
containing 10 g of sodium chloride by collecting 50 ml fractions. The fractions 
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were analysed by the TLC method given in the Example 1 . Fractions containing 
the pnaduct were combined and the acetone was distilled off in vacuum. The pi-t 
of the concentrate was adjusted to 3.5-4.0 value by 15% sulphuric add. then It 
was exbacted 3x250 ml of ethyl acetate. 40 m! of deionized water was added to 
the combined ethyl acetate extract, then the pH was adjusted to 7.5-8.0 value 
by 1M sodium hydroxide. After 15 min stirring the aqueous and ethyl acetate 
phases were separated, then the ethyl acetate solution was extracted with 2x40 
ml of deionized water as it was written before. Then the combined alkaline 
aqueous solution was concentrated to 50 ml volume and chromatographed on 
a column filled with 600 ml of DIalon HP20 (Mitsubishi Co.. Japan) non ionic 
adsorbent resin (diameter of the column: 3.8 cm, height of the resin bed: 53 
cm). The column was washed with 600 ml of deionized water, then eluted with 
acetone - deionized water mixtures, where the concentration of acetone was 
increased in 5% steps, collecting 50 ml firactlons.The eluate was analysed by 
TLC method given in the Example 1. Pravastatin was eluted fit)m the column by 
an acetone - deionized water mixture containing 15% of aceten. Fractions 
containing pravastatin as single component were combined and the solution 
was concentrated in vacuum to 150 ml volume. Subsequently. 0.6 g of charcoal 
was added to the concentrated aqueous solution and pravastetin was clarified 
at room temperature for 1 hour. Then the charcoal was filtered and the filtrate 
was lyophilised. The resulting 6.5 g of lyophiiised pravastatin was crystallized 
twice from a mixture of ethanol and ethyl acetate. The precipitate was filtered 
and washed with 20 ml of ethyl acetate and 20 ml of n-hexane. and dried in 
vacuum at room temperature. Thus 4.6 g of chromatographically pure 
pravastatin was obtained. 

Example 5 

A spore susp nsion was prepared with 5 ml of sterile distilled wat r from the 
surfac of a 10 days old, soluble starch agar slant culture, as described in 
Example 1, of Miaomonospora echinospora ssp. echinospora IDR-Ps 
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[NCAIM (P) B 001272] strain - being able for the ep-hydroxylation of compactJn 
acid sodium salt - and the obtained spore suspension was used to inoculate 
100 ml of inoculum medium Tl sterilized in a 500 mi Erlenmeyer flask. 
Composition of the medium Ti was also descrit>ed in Example 1. The inoculated 
medium was shaken on a rotary shaker (250 r.p.m.. 2.5 cm amplitude) for 3 
days at 28''C, then 5 ml aliquots of the developed culture were transferred into 
100-100 ml of biooonverston medium TT/1 sterilized in 500 ml Erlenmeyer 
flasks for 25 min at 121'*C. Composition of the medium TT/1 is described in 
Example 4. Flasks were shaken on a rotary shaker (250 r.p.m.. 2.5 cm 
amplitude) for 3 days at 25°C, then 10-10 mg of compacttn substrate 
(compactin acid sodium salt) was added in sterile filtered aqueous solution into 
the cultures, then the fermentation was continued for 168 hours. 

At the end of the bioconversion the pravastatin content of the fermentation 
broth was determined by an HPLC method. At this time the average pravastatin 
concentration was 40 |ig/ml. 

Example 6 

The fermentation, substrate feeding and bioconverslon were carried out with 
strain IDR-Pe. [NCAIM (P) B 001273] of Micmmonospora megalomicea ssp. 
nigra as It was written in Example 5. The pravastatin content of the fermentation 
broth was determined by an HPLC method. At the end of the bioconverslon the 
pravastatin content of the broth was 50 fxg/ml. 

Example 7 

5 ml aliquots of an inoculum culture of strain IDR-P4 [NCAIM (P) B 001271] of 
Micmmonospora purpurea prepared as described in Exannple 1 were used to 
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seed 100-100 ml of TT/14 medium dispensed in 500 ml Erlenmeyer flasks and 
sterilezed for 25 min at 121oC. 

Composition of medium TT/14 



In 1000 ml of tap water 
The pH of the bloconversion medium was adjusted to 7.0 before sterilization. 

Rasks were shaken on a rotary shaker (250 r.p.m., 2.5 cm amplitude) for 3 
days. The substrate feeding, the bloconversion and determination of ihe 
pravastatin content were carried out as described in Example 5. At the end of 
the bloconversion the pravastatin content of the fermentation broth was 
40 tig/ml. 

Example 8 

The fermentation, substrate feeding and bloconversion were carried out with 
strain IDR-P7. [NCAIM (P) B 001274) of Mlcromonospora rosaria as it was 
written in Example 1. At the end of the bloconversion 350 p,g/ml pravastatin was 
measured in the fermentation broth by HPLC method. 



Potato starch 



5.0 g 
25.0 g 
15.0 g 
15.0g 

1.0 g 



Glucose 



Yeast extract (GISTEX) 

Pepton 

CaCOa 
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What we claim is: 

1. A microbial process for the preparation of the compound of formula (1) 




(0 



from a compound of the general formula (11) 




(") 



wherein R stands for an alkali metal or ammonium Ion, 
by the submerged culture of a Micromonospora strain which is able to 
6p-hydroxylate a compound of formula (II) under aerobic conditions and 
by the separation and purification of the compound of fomiula (I) formed in 
the course of the bioconversion comprising the steps of 

a) cultivating a Micromonospora strain which is able to 6p-hydroxytate a 
compound of formula (It) - wherein R is as defined above - at 25-32''C 
on a nutrient medium containing available carbon- and nitrogen sources 
and min ral salts, thereafter 
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b) feeding the substrate to be transformed into a developing culture, then 

c) hydroxylating the substrate until finishing of the bioconverslon, then 

d) separating the compound of formula (I) from the culture broth and, if 
desired, purifying the same. 

A process as claimed in Claim 1. wherein the Micmmonospora sp. 
IDR-P3 strain deposited at the National Collection of Agricultural and 
Industrial Microorganisms, Budapest, Hungary under the number 
NCAIM (P) B 001268 or a mutant strain thereof which is able to 
ep-hydroxylate a compound of general formula (II) is applied. 

A process as claimed In Claim 1. wherein the Micmmonospora purpurea 
IDR'P4 strain deposited at the National Collection of Agricultural and 
industrial Microorganisms, Budapest. Hungary under the number 
NCAIM (P) B 001271 or a mutant strain thereof which is able to 
6^-hydroxylate a compound of general formula (II) is applied. 

A process as claimed in Claim 1, wherein the Micmmonospora 
echinospom ssp. echinospora IDR-Ps strain deposited at the National 
CollecHon of Agricultural and Industrial Microorganisms. Budapest. 
Hungary under the number NCAIM (P) B 001272 or a mutant strain 
thereof which is able to 6^-hydroxylate a compound of general formula 
(II) is applied. 

A process as claimed in Claim 1. wherein the Micmmonospora 
megalomicea ssp. nigra iDR-Pg strain deposited at the National 
CollecUon of Agricultural and Industrial Microorganisms. Budapest, 
Hungary under the number NCAIM (P) B 001273 or a mutant strain 
thereof which is able to 6p-hydroxylate a compound of general fonnula 
(II) is applied. 

A process as claimed in Claim 1. wherein the Micmmonospora rosaria 
IDR-P7 strain deposited at the National Collection of Agricultural and 
Industrial Microorganisms. Budapest, Hungary under the number 
NCAIM (P) B 001274 or a mutant strain thereof which is able to 
6p-hydroxylate a compound of general formula (II) is applied. 
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7. A process as claimed in anyone of Claim 1 to 6, wherein the compound 
of formula (I) formed during the fermentation is separated from the 
culture broth by adsorption on an anionic ion exchange resin or by 
extraction with a water immiscible organic solvent, followed by the 
preparation of its lactone derivative or its secondary amine salt as an 
intermediate* or by purification of the alkaline aqueous extract obtained 
from the organic solvent extract of the fermentation broth with 
chromatography on a non-ionic adsorbing resin. 



